, often involving several transient substates distinct from Ysub. The polarity of activation and kinetics of this latter form of gating indicate that it is the mechanism by which these hemichannels open in the cell surface membrane when unapposed by another hemichannel. Cx46 hemichannels display a substantial preference for cations over anions, yet have a large unitary conductance (-300 pS) and a relatively large pore as inferred from permeability to tetraethylammonium (-8.5 A diameter). These hemichannels open at physiological voltages and could induce substantial cation fluxes in cells expressing Cx46. Gap junctions channels are constructed as two hemichannels (connexons) in series, one provided by each of the coupled cells. These channels provide a direct connection for passage of ions between the coupled cells that is insulated from the extracellular space. Their permeability to relatively large molecules, up to -1 kDa in molecular mass, and presence in inexcitable cells suggest a role in transmission of chemical as well as electrical signals. The constituent hemichannels are hexamers of protein subunits of the connexin gene family, which has at least 12 members in mammals (1) . One issue in gap junction channel physiology is the functional significance of this diversity, which requires characterization of the channels in terms of gating and permeability. However, characterization of gating and permeability of these channels is hampered by their inaccessibility to direct patch recording. Although the double whole cell patch technique has been used extensively in single channel studies, junctional conductance, gj, between cell pairs is often too large to permit visualization of unitary currents, which has necessitated the use of pharmacological agents to reduce the number of operational
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. channels (2) . Furthermore, membrane capacity decreases frequency response well below that possible with excised patches, and ionic substitution studies, which depend on dialysis from patch electrodes, have been limited because of technical difficulties (3) .
Here we undertook the study of gap junction gating and permeation by recording from unapposed hemichannels. Although it is generally believed that unapposed hemichannels are closed in order to prevent loss of cytoplasmic solutes and entry of extracellular ions, exceptions include hemichannels formed by Cx46 (4, 5) , Cx56 (6) , and an unidentified connexin in fish horizontal cells (7) . We 
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Sl [2] before fully opening [3] .
Closure from yopen appears slow and continuous [4] Fig. 2B is 300 pS at -50 mV and 135 pS at +50 mV (also see Fig. 4A ).
In addition to gating between different conductance levels at inside negative and positive voltages, i.e. yopen > y/closed and Yopen > 7/sub, respectively, the transitions between those levels have markedly different kinetics (Fig. 2C) . Transitions between Yopen and 'closed are slow and usually involve several transient subconductance states distinct from ysub (Fig. 2C,  epoch b) . In some cases, these transitions appear to be continuous, lasting 10-20 ms (Fig. 2C, segment (Fig. 1A) . We ascribe this gating mechanism to the extracellular loops of the connexin subunits (Fig. 3, inset) because of the resemblance of these transitions to "docking" currents observed during cellcell channel formation (16 (Fig. 4) . Single salt gradients of KCI and TEAC1 shift the reversal potential (Erev) negative on the side with the higher concentration of cations to a degree indicating a substantial preference for cations. Erev was -25.6 ± 0.6 and -14.0 ± 0.8 mV (n = 4) for a 4.2-fold activity gradient of KCl and TEAC1, respectively, compared with -36.3 mV for ideal cation selectivity (Fig. 4) . Calculated PK/PC1 was 10.3:1 and PTEA/PCI was 2.8:1. In symmetrical 100 mM KCl, the channels rectified (Fig.  4A) as noted above ( Fig. 2A) . In a 500:100 KCl gradient ( A substantial preference for cations as shown by Cx46 hemichannels is a feature of some gap junction channels (3, 20) . Rectification similar to that shown by Cx46 hemichannels was recently observed in heterotypic Cx32/Cx26 channels (21) . Our (7, 24) . The study presented here represents a step toward understanding the physiological roles of both hemichannels and cell-cell channels, and the extent to which cell-cell channel properties are derived from properties intrinsic to the hemichannel. The applicability of hemichannel recording to other connexins remains to be determined. Replacing individual domains of other connexins with those of Cx46 (8, 9) may convert them into functional hemichannels, which could be valuable in determining the characteristics of the unmodified part of the molecule.
